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PLUGGABLE ARCHITECTURE FOR
PERFORMANCE OF PRICING OPERATIONS

TECHNICAL FIELD

Embodiments relate to techniques for computer opera-
tions. More particularly, embodiments relate to a pluggable
architecture for performance of pricing operations.

BACKGROUND

In business operations, the generation of pricing 1s often
a computationally intensive task. Each sales 1item of a large
sales order or other pricing transaction may require a dii-
ferent pricing method, with each method requiring numer-
OUS Processes.

In providing support for client pricing operations, a cen-
tral pricing engine architecture can provide eflicient and
cllective pricing operations for multiple clients without
requiring the support of an internal pricing structure for each
such client, thereby greatly benefiting client operations.

However, establishing or modifying the pricing for a
particular client can require significant programming oOver-
head for a pricing engine. A conventional pricing platform
incorporates the pricing algorithm utilized to generate pric-
ing within the pricing engine itself. As a result, the pricing
platform needs to be programmed with each client’s pricing

operation, and needs to be modified when a pricing algo-
rithm 1s added or modified for the client.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are 1llustrated by way of example, and not
by way of limitation, in the figures of the accompanying
drawings 1n which like reference numerals refer to similar
clements.

FIG. 1 1s an 1llustration of a computing platform including,
a pluggable pricing architecture according to some embodi-
ments;

FI1G. 2 1s an illustration of a computing platform including
a standard pricing method for a pluggable pricing architec-
ture according to some embodiments;

FI1G. 3 1s an illustration of a computing platform including
a custom pricing method for a pluggable pricing architecture
according to some embodiments;

FIG. 4 illustrates a price waterfall for calculation of
pricing for a sales 1item utilizing a particular pricing method;

FIG. § illustrates a price waterfall including pricing
functions of a pricing method for calculation of pricing for
a sales 1tem;

FIG. 6 1s a flowchart to illustrate a process for pricing
utilizing a pricing service according to some embodiments;

FIG. 7 illustrates a block diagram of an environment in
which a pluggable architecture for performance of pricing
operations may be implemented according to some embodi-
ments; and

FIG. 8 illustrates further details of an environment in
which a pluggable architecture for performance of pricing
operations may be implemented according to some embodi-
ments.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth. However, embodiments may be practiced without
these specific details. In other instances, well-known cir-
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2

cuits, structures and techniques have not been shown 1n
detail 1n order not to obscure the understanding of this
description.

In some embodiments, an apparatus, system, or process 1s
to provide for a pluggable architecture for performance of
pricing operations. In contrast with a conventional pricing
framework that incorporates a pricing algorithm for a cli-
ent’s pricing operation within the pricing engine (which may
also be referred to herein as the host pricing engine or
similar term), and thus must be modified when a pricing
algorithm 1s added or modified, a pricing platform 1s 1mple-
mented as a pluggable framework that enables incremental
development of both internal pricing constructs as well as
custom pricing constructs defined by partners, independent
soltware vendors (ISVs), or customers (which may gener-
ally be referred to herein as clients). Pricing logic (referred
to as a pricing method) 1s implemented as a plugin to the
pricing engine that can be selected by the client.

In some embodiments, a host pricing engine has no
knowledge regarding the pricing constructs that define the
various pricing algorithms, allowing clients to define their
own pricing constructs to suit their specific business needs
without requiring modification of the pricing engine.

Further, the pricing framework both includes plugins for
common use cases to be supported for multiple or all clients
of the pricing engine (e.g., Standard Unit Price, Standard
Term Price, or other standard pricing methods), and also
allows customization of such standard plugins to enable
certain clients, such as large enterprises, industry partners,
and customers with special requirements to make modifica-
tions to the pricing methods as needed. Each pricing method
includes one or more standard and/or custom pricing func-
tions that can be modified or replaced. A custom pricing
function may, for example, allow access to external propri-
ctary data or processes. As used herein, “standard” refers to
a method or function can be made available to multiple or all
clients of a pricing system, while “custom” refers to a
method or function that 1s generated for a particular client,
and may, for example, utilize proprietary data or operations.

In some embodiments, a pricing platform includes the
pluggable pricing engine supporting a pricing service. In this
architecture, a pricing method defines the pricing for a
particular sales item, with the pricing method plugging into
the pricing platform. Each pricing method includes one or
more pricing functions that define each operation that 1s
performed 1n the pricing method.

Prior to any price calculations for a pricing request, the
pricing engine 1s to validate the mput parameters for the
request, and has the option of pre-loading (for example,
using cache storage) and validating any required pricing
related data (which may include Product and PricebookEn-
try data, discount schedules, and other data.) In the price
calculation for each sales item, each sales item 1s processed
by first determining the appropriate pricing method from,
such a determination based on the associated Product or
PricebookEntry data or other similar data. Further, a context
for calculating the sales i1tem price 1s prepared and the
appropriate pricing method (1.e., the pricing method plugin,
such as illustrated 1n FIGS. 1-3) 1s invoked, with the pricing
method being passed with the sales item context.

In some embodiments, pricing methods for a pricing
engine are implemented as plugins to the pricing engine. As
used herein, pricing method 1s comprised of an ordered set
of pricing functions that define the calculation of pricing for
a sales 1tem. A pricing function 1s a cohesive logical pricing
operation that defines a single process within a pricing
method. Once the sales 1tems 1n a particular pricing request
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have been priced according to the respective pricing method
for each such sales item, aggregate pricing may then be
performed, with aggregate pricing including summarizing
totals at a header level, etc., to complete the full pricing
operation for the pricing request. The pricing results may
then be reported to the appropriate client.

As used herein, “sales transaction” refers to any sales
order or inquiry for one or more sales 1tems, with each sales
item including a certain quantity; “pricing plan” refers to
calculations performed to generate pricing for the one or
more sales 1tem 1n a sales transaction; and “pricing flow”
refers to the context for a particular pricing request.

FIG. 1 1s an 1llustration of a computing platform including
a pluggable pricing architecture according to some embodi-
ments. As illustrated, a core computing platform 100 may
provide multiple services including, but not limited to, a
pricing service 120 (the host pricing service) to provide
pricing operations for multiple different types of sales opera-
tions for multiple clients. The core platform 100 may include
numerous other operations and functions that are not
described herein.

The core platform 100 may include a public application
programming interface (API) 110 for connection of multiple
different types of clients that may generate operation
requests, mcluding requests to the pricing service 120. The
pricing requests may include business to business (B2B)
requests 140 and configure-price-quote (CPQ) requests 142
provided within the core plattorm 100, and partner or
independent software vendor (ISV) requests 144 received
from outside the core platform 100. Other types of pricing
requests may also be received.

The pricing service 120 in particular includes a getPrice
function 130 to determine pricing for one or more sales
items 1n a sales transaction, the sales items being any
combination of goods and services. In a basic operation, the
getPrice function for a particular request includes 1nitializa-
tion of the pricing operation 132, sales price calculation for
cach sales item of the request 134, and aggregation of the
pricing calculations to generate a pricing output 136 to be
provided to the client. In some embodiments, the sale item
price calculation 134 includes resolving a pricing method for
a sales 1tem 150, wherein each sales item may utilize a
different pricing method, and selecting and running the
appropriate pricing method 154 for the sales 1tem.

In some embodiments, the pricing architecture 1s a plug-
gable architecture in which multiple different pricing meth-
ods may be plugged for use 1n one or more sale transactions.
The pricing method for a sales 1tem may include a pricing
method of one or more standard pricing methods provided
by the pricing service, or a particular custom pricing method
of one or more custom pricing methods for the client. In a
particular example, the pricing methods available at particu-
lar point 1n time for a client utilizing the pricing service 120
are a Standard Unit Price method 160, a Standard Term Price
method 162, or a custom pricing method 166. In some
embodiments, the standard pricing methods 160 and 162 are
available to multiple or all clients of the pricing service, and
the custom pricing method 166 1s available only to a
particular client, wherein the custom pricing method 166
may include confidential and exclusive features established
by or for the client. Any number of pricing methods may be
available 1n a particular implementation. In some embodi-
ments, pricing methods are plugged into the pricing service
120 without requiring modification or reprogramming of the
pricing service 120, and such pricing methods may be
replaced by other or different pricing methods as required for
all clients or any particular client or clients.
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FIG. 2 1s an 1llustration of a computing platform including
a standard pricing method for a pluggable pricing architec-
ture according to some embodiments. As 1llustrated, the core
computing platform 100 includes pricing service 120, with
the pricing service 120 including the getPrice function 130.
The pricing methods to be plugged into the pluggable
pricing architecture are a Standard Unit Price method 160,

a Standard Term Price method 162, and a custom pricing
method 166.

As 1llustrated 1n FIG. 2, the Standard Unit Price method
160 includes multiple pricing functions that performed as
required 1n response to a pricing request. In this particular
example, the Standard Unit Price method 160 includes the
standard pricing functions: Get Produce List Price 271
represented by Java Class 281, Get Negotiated Price 272
represented by Java Class 282, Get Customer Price 273
represented by Java Class 283, and continuing through
Calculate Sales Items Totals 274 represented by Java Class
284. In some embodiments, each of the Java classes 281-284
representing the standard pricing functions 271-274 are
associated with a pricing function interface 280.

As further depicted 1mn FIG. 2, the Standard Unit Price
method 160 1s comprised of an ordered sequence of logical
processes that together complete the price calculation for a
given sales item, with each logical process within the pricing
method comprising a pricing function. In some embodi-
ments, the pricing method i1s defined as metadata that
declares the globally unique name of the pricing method, a
set of specific set of pricing functions, the execution order of
those pricing functions, and whether or not each function 1s
applicable within the context of a specified Pricing Flow. For
example, the FIG. 2 further illustrates a Pricing Flow A and
a Pricing Flow B, each of which define a particular set of the
pricing functions as being applicable 1 the pricing flow.

FIG. 2 illustrates a particular standard pricing method
composed of standard pricing functions. In some embodi-
ments, a pricing service also supports one or most custom
pricing methods, which may allow for functions including
client specific pricing.

FIG. 3 1s an 1llustration of a computing platform including
a custom pricing method for a pluggable pricing architecture
according to some embodiments. As illustrated, the core
computing platform 100 includes pricing service 120, with
the pricing service 120 including the getPrice function 130.
The pricing methods to be plugged into the pluggable
pricing architecture are a Standard Unit Price method 160,
a Standard Term Price method 162, and a custom pricing
method 166. FIG. 3 specifically depicts a custom pricing
method that leverages a single custom pricing function.
However, embodiments are possible, in which any number
of custom pricing functions may be utilized in a custom
pricing method.

As 1llustrated 1n FIG. 3, the custom pricing method 166
includes multiple pricing functions that performed as
required 1n response to a pricing request. In this particular
example, the custom pricing method 160 includes a mixture
of custom and standard pricing functions, and specifically
one or more custom pricing functions 392 including a Get
Product List Price 371, which 1s represented by a custom
Apex class 394 to draw from an external ERP (Enterprise
Resource Planning) system, thus allowing the client to
utilize client-specific pricing data while operating within the
pricing service 120. In this example, the custom pricing
function 371 1s followed by standard functions: Get Nego-
tiated Price 372 represented by Java Class 382, Get Cus-
tomer Price 373 represented by Java Class 383, and con-
tinuing through Calculate Sales Items Totals 374 represented
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by Java Class 384. In some embodiments, the custom Apex
class 394 for the custom pricing function is associated with
pricing function Apex interface 390, while each of the Java
classes 382-384 representing the standard pricing functions
372-374 are associated with a pricing function interface 380.

FIG. 4 illustrates a price waterfall for calculation of
pricing for a sales item utilizing a particular pricing method.
The price waterfall provides a pricing method decomposi-
tion diagram for a particular pricing method, which may be
any pricing method plugged into a pricing service, such as
pricing methods 160-166 plugged into getPrice function 130
in FIGS. 1-3. In the illustrated price watertall, the price of
a given product 1s reflected on the ‘y’ axis (1.e., the vertical
axis) and the various adjustments to the list price are
represented on the ‘x” axis (horizontal axis). The bars with
cross-hatching represent price reductions applied to the
previous process 1n the price waterfall. The shaded bars
represent ‘price points’ and typically define the boundary
between pricing functions that comprise the pricing method
that results 1n this price watertall.

In the 1llustrated example, commencing with the list price,
there are discount price reduction resulting 1 an invoice
price; payment terms and consignment inventory price
reductions resulting 1n the effective price; freight, expedit-
ing, and custom bar coding price reductions resulting in the
net price; custom service and other price reductions resulting,
in the pocket price; and the cost of goods sold (COGS)
resulting in the pocket margin. Many other pricing reduc-
tions and price points may be present 1n other examples.

FIG. § illustrates a price waterfall including pricing
functions of a pricing method for calculation of pricing for
a sales 1tem. FIG. 5 provides a pricing method decomposi-
tion diagram that includes the structure of FIG. 4, with the
addition of exemplary pricing functions that make up the
illustrated pricing method. A pricing function 1s a cohesive
unit of price calculation processing that performs a single
functional process within one or more pricing methods. In a
particular implementation, default pricing functions that are
provided are written 1n a first format (Java) and adhere to a
common ‘PricingFunction” Java interface, while custom
pricing functions are written 1n a second format (Apex).

As diagram 1n FIG. 5 illustrates, the pricing functions that
make up a given pricing method are executed 1n sequence
within the context of a sales 1tem and pricing flow. FIG. 5
illustrates the contribution of each pricing function to the
price waterfall associated with the pricing method, wherein
the pricing functions 1n this particular example being:

Get List Price—Obtaining the List Price.

Calculate Invoice Price—Subtracting discounts from the
List Price to generate the Invoice Price.

Calculate Effective Price—Subtracting payment terms
and consignment mventory from the Invoice Price to gen-
erate the Ellective Price.

Calculate Net Price—Subtracting freight, expediting, and
custom barcoding from the Eflective Price to generate the
Net Price.

Calculate Pocket Price—Subtracting discounts from the
List Price to generate the Invoice Price.

In the price waterfall diagram provided in FIG. 5 the
contribution each pricing function makes to the pricing
method’s watertall 1s depicted along the X’ axis, with the
depicted price points representing the final output of each
pricing function. The pricing functions are ordered (from left
to right mm FIG. 5) with regard to execution within the
particular pricing method. Each pricing function may con-
tribute zero or more intermediate price calculations (for
example, Payment Terms and Consignment Inventory
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within the Calculate Effective Price function), and each
pricing function has a final price point that represents the
final price calculation for that pricing function.

FIG. 6 1s a flowchart to illustrate a process for pricing
utilizing a pricing service according to some embodiments.
In some embodiments, a process includes receiving a pricing
request for a pricing transaction at a pricing service 604,
wherein the pricing service may be pricing service 120
within core platform 100 as illustrated 1n FIGS. 1-3. A get
price function 1s called 608 to perform pricing for the one or
more sales items 1n the pricing transaction, such as getPrice
130 as illustrated in FIGS. 1-3.

The process may continue with 1mitialization of the pric-
ing algorithm 616, and sales price calculation for each sales
item 1n the pricing transaction 620. Commencing with a first
sales 1tem, a pricing method 1s resolved for the pricing
method 624, wheremn the pricing method may eirther a
standard pricing method or a custom pricing method, as
illustrated 1 FIGS. 2 and 3, provided as plug in for the
pricing service. The pricing method 1s then performed for
the sales item 628. If there are additional sales items to be
processed 1n the sales transaction 632, a next sales item 1s
selected 636, and the process returns to resolving the appro-
priate pricing method for the sales item 624 and performing,
the pricing method for the sales item 628.

When there are no further sales 1items for processing in the
sales transaction, the process may proceed to aggregation of
the pricing results 640 and reporting of the aggregated
pricing results to the client or other action relating to the
aggregated pricing results 644,

The examples illustrating the use of technology disclosed
herein should not be taken as limiting or preferred. The
examples are intended to sufliciently 1illustrate the technol-
ogy disclosed without being overly complicated and are not
intended to 1illustrate all of the technologies disclosed. A
person having ordinary skill in the art will appreciate that
there are many potential applications for one or more
implementations of this disclosure and hence, the 1mple-
mentations disclosed herein are not intended to limit this
disclosure 1n any fashion.

One or more implementations may be implemented 1n
numerous ways, including as a process, an apparatus, a
system, a device, a method, a computer readable medium
such as a computer readable storage medium containing
computer readable 1nstructions or computer program code,
or as a computer program product comprising a computer
usable medium having a computer readable program code
embodied therein.

Other implementations may include a non-transitory com-
puter readable storage medium storing instructions execut-
able by a processor to perform a method as described above.
Yet another implementation may include a system including
memory and one or more processors operable to execute
instructions, stored in the memory, to perform a method as
described above.

Implementations may include:

In some embodiments, one or more non-transitory com-
puter-readable storage mediums having stored thereon
executable computer program instructions that, when
executed by one or more processors, cause the one or more
processors to perform operations including mstalling a plu-
rality of pricing methods at a pricing service, the pricing
service including a pluggable architecture to accept the
plurality of pricing methods, each pricing method of the
plurality of pricing method including a set of pricing func-
tions; receiving at the pricing service a pricing request from
a first client for a sales transaction including one or more
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sales 1tems, the pricing request including a pricing context
for each of the one or more sales 1tems; and performing a
price calculation for the sales transaction, including resolv-
ing a pricing method for each sales item of the one or more
sales 1items from the plurality of pricing methods, applying
the set of pricing functions for the resolved pricing method
for each sales item, wherein the application of the set of
pricing functions 1s based at least in part on the pricing
context for the sales 1tem, calculating a price for each sales
item based upon an outcome of the set of pricing functions,
and aggregating the calculated prices for each of the one or
more sales items.

In some embodiments, a system includes one or more
processors for processing of data; an application program-
ming iterface (API) to receive pricing requests from one or
more clients; and a pricing service, the pricing service
including a pluggable architecture for installation of a plu-
rality of pricing methods at a pricing service, each pricing
method of the plurality of pricing method including a set of
pricing functions, wherein, 1n response to receiving a pricing,
requests for a sales transaction from a first client, the sales
transaction including one or more sales 1tems and including,
a pricing context for each of the one or more sales items, the
system 1s to perform a price calculation for each of the one
or more sales items, including the system to resolve a pricing
method for each sales item from the plurality of pricing
methods, apply the set of pricing functions for the resolved
pricing function for each sales item, wherein the application
of the set of pricing functions 1s based at least 1n part on the
pricing context for the sales 1tem, calculate a price for each
sales item based upon an outcome of the set of pricing
functions, and aggregate the calculated prices for each of the
one or more sales items.

In some embodiments, a method includes installing a
plurality of pricing methods at a pricing service, the pricing,
service including a pluggable architecture to accept the
plurality of pricing methods, each pricing method of the
plurality of pricing method including a set of pricing func-
tions; receiving at the pricing service a pricing request from
a first client for a sales transaction including one or more
sales 1tems, the pricing request including a pricing context
for each of the one or more sales items; resolving a pricing
method for each sales 1tem of the one or more sales 1tems
from the plurality of pricing methods; applying the set of
pricing functions for the resolved pricing method for each
sales item of the one or more sales items, wherein the
application of the set of pricing functions 1s based at least 1n
part on the pricing context for the sales 1tem; calculating a
price for each sales item based upon an outcome of the set
of pricing functions for the resolved pricing method; and
aggregating the calculated prices for each of the one or more
sales 1tems.

FIG. 7 illustrates a block diagram of an environment in
which a pluggable architecture for performance of pricing
operations may be implemented according to some embodi-
ments. In some embodiments, the environment 710 includes
a pluggable architecture for performance of pricing opera-
tions, such as illustrated in FIGS. 1-6, including a pricing
service 719, such as pricing service 120 1llustrated in FIGS.
1-3. The environment 710 may include user systems 712,
network 714, system 716, processor system 717, application
plattorm 718, network interface 720, tenant data storage
722, system data storage 724, program code 726, and
process space 728. In other embodiments, environment 710
may not have all of the components listed and/or may have
other elements instead of, or in addition to, those listed
above.
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Environment 710 1s an environment in which an on-
demand database service exists. User system 712 may be
any machine or system that 1s used by a user to access a
database user system. For example, any of user systems 712
can be a handheld computing device, a smart phone, a laptop
or tablet computer, a work station, and/or a network of
computing devices. As illustrated 1n herein FIG. 7 and 1n
more detail in FIG. 8, user systems 712 may interact via a
network 714 with an on-demand database service, such as
system 716.

An on-demand database service, such as system 716, 1s a
database system that 1s made available to outside users that
do not need to necessarily be concerned with building and/or
maintaining the database system, but instead may be avail-
able for their use when the users need the database system
(e.g., on the demand of the users). Some on-demand data-
base services may store information from one or more
tenants stored into tables of a common database 1mage to
form a multi-tenant database system (MTS). Accordingly,
“on-demand database service 716~ and “‘system 716 may
be used interchangeably herein. A database image may
include one or more database objects. A relational database
management system (RDMS) or the equivalent may execute
storage and retrieval of information against the database
object(s). Application platform 718 may be a framework that
allows the applications of system 716 to run, such as the
hardware and/or software, e.g., the operating system. In an
embodiment, on-demand database service 716 may include
an application platform 718 that enables creation, managing
and executing one or more applications developed by the
provider of the on-demand database service, users accessing,
the on-demand database service via user systems 712, or
third-party application developers accessing the on-demand
database service via user systems 712.

The users of user systems 712 may differ 1n their respec-
tive capacities, and the capacity of a particular user system
712 might be entirely determined by permissions (permis-
sion levels) for the current user. For example, where a
salesperson 1s using a particular user system 712 to interact
with system 716, that user system has the capacities allotted
to that salesperson. However, while an administrator 1s using
that user system to interact with system 716, that user system
has the capacities allotted to that administrator. In systems
with a hierarchical role model, users at one permission level
may have access to applications, data, and database infor-
mation accessible by a lower permission level user, but may
not have access to certain applications, database informa-
tion, and data accessible by a user at a higher permission
level. Thus, different users will have different capabilities
with regard to accessing and modifying application and
database information, depending on a user’s security or
permission level.

Network 714 1s any network or combination of networks
of devices that communicate with one another. For example,
network 714 can be any one or any combination of a LAN
(local area network), WAN (wide area network), telephone
network, wireless network, point-to-point network, star net-
work, token ring network, hub network, or other appropriate
configuration. As the most common type of computer net-
work 1n current use 1s a TCP/IP (Transier Control Protocol
and Internet Protocol) network, such as the global internet-
work of networks often referred to as the “Internet” with a
capital “I,” that network will be used in many of the
examples herein. However, 1t should be understood that the
networks that one or more implementations might use are
not so limited, although TCP/IP 1s a frequently implemented
protocol.

e
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User systems 712 might communicate with system 716
using TCP/IP and, at a higher network level, use other
common Internet protocols to communicate, such as HT'TP,
FTP, AFS, WAP, etc. In an example where HTTP 1s used,
user system 712 might include an HITP client commonly
referred to as a “browser” for sending and receiving HT'TP
messages to and from an HT'TP server at system 716. Such
an HT'TP server might be implemented as the sole network
interface between system 716 and network 714, but other
techniques might be used as well or istead. In some
implementations, the interface between system 716 and
network 714 includes load sharing functionality, such as
round-robin HTTP request distributors to balance loads and
distribute incoming HTTP requests evenly over a plurality of
servers. At least as for the users that are accessing that
server, each of the plurality of servers has access to the
MTS’ data; however, other alternative configurations may
be used instead.

In one embodiment, system 716, shown 1n FIG. 7, imple-
ments a web-based customer relationship management
(CRM) system. For example, in one embodiment, system
716 includes application servers configured to 1implement
and execute CRM software applications as well as provide
related data, code, forms, webpages and other information to
and from user systems 712 and to store to, and retrieve from,
a database system related data, objects, and Webpage con-
tent. With a multi-tenant system, data for multiple tenants
may be stored in the same physical database object, how-
ever, tenant data typically 1s arranged so that data of one
tenant 1s kept logically separate from that of other tenants so
that one tenant does not have access to another tenant’s data,
unless such data 1s expressly shared. In certain embodi-
ments, system 716 implements applications other than, or in
addition to, a CRM application. For example, system 716
may provide tenant access to multiple hosted (standard and
custom) applications, including a CRM application. User (or
third-party developer) applications, which may or may not
include CRM, may be supported by the application platform
718, which manages creation, storage of the applications
into one or more database objects and executing of the
applications in a virtual machine in the process space of the
system 716.

One arrangement for elements of system 716 1s shown 1n
FIG. 7, including a network interface 720, application plat-
form 718, tenant data storage 722 for tenant data 723, system
data storage 724 for system data 725 accessible to system
716 and possibly multiple tenants, program code 726 for
implementing various functions of system 716, and a pro-
cess space 728 for executing MTS system processes and
tenant-specific processes, such as running applications as
part of an application hosting service. Additional processes
that may execute on system 716 include database indexing,
Processes.

Several elements 1n the system shown 1n FIG. 7 include
conventional, well-known elements that are explained only
briefly here. For example, each user system 712 could
include a desktop personal computer, workstation, laptop or
tablet computer, smart phone, or any wireless access proto-
col (WAP) enabled device or any other computing device
capable of interfacing directly or indirectly to the Internet or
other network connection. User system 712 typically runs an
HTTP client, e.g., a browsing program (also referred to as a
web browser or browser), such as Edge or Internet Explorer
from Microsoft, Satari from Apple, Chrome from Google,
Firefox from Mozilla, or a WAP-enabled browser 1n the case
of a smart phone or other wireless device, or the like,
allowing a user (e.g., subscriber of the multi-tenant database
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system) ol user system 712 to access, process and view
information, pages and applications available to 1t from
system 716 over network 714. Each user system 712 also
typically includes one or more user interface devices, such
as a keyboard, a mouse, touch pad, touch screen, pen, voice
interface, gesture recognition interface, or the like, for
interacting with a graphical user interface (GUI) provided by
the browser on a display (e.g., a monitor screen, LCD
display, etc.) in conjunction with pages, forms, applications
and other mformation provided by system 716 or other
systems or servers. For example, the user interface device
can be used to access data and applications hosted by system
716, and to perform searches on stored data, and otherwise
allow a user to interact with various GUI pages that may be
presented to a user. As discussed above, embodiments are
suitable for use with the Internet, which refers to a specific
global internetwork of networks. However, 1t should be
understood that other networks can be used instead of the

Internet, such as an infranet, an extranet, a virtual private
network (VPN), a non-TCP/IP based network, any LAN or

WAN or the like.

According to one embodiment, each user system 712 and
all of 1ts components are operator configurable using appli-
cations, such as a browser, including computer code run
using a central processing unit such as an Intel Core series
processor or the like. Similarly, system 716 (and additional
instances of an MTS, where more than one 1s present) and
all of their components might be operator configurable using
application(s) including computer code to run using a central
processing unit such as processor system 717, which may
include an Intel Core series processor or the like, and/or
multiple processor units. A computer program product
embodiment includes a machine-readable storage medium
(media) having instructions stored thereon/in which can be
used to program a computer to perform any of the processes
of the embodiments described herein. Computer code for
operating and configuring system 716 to imtercommunicate
and to process webpages, applications and other data and
media content as described herein are preferably down-
loaded and stored on a hard disk or solid state drive (SSD),
but the entire program code, or portions thereol, may also be
stored 1n any other volatile or non-volatile memory medium
or device as 1s well known, such as a ROM or RAM, or
provided on any media capable of storing program code,
such as any type of rotating media including floppy disks,
optical discs, digital versatile disk (DVD), compact disk
(CD), microdrive, and magneto-optical disks, and magnetic
or optical cards, nanosystems (including molecular memory
ICs), or any type of media or device suitable for storing
instructions and/or data. Additionally, the entire program
code, or portions thereof, may be transmitted and down-
loaded from a software source over a transmission medium,
¢.g., over the Internet, or from another server, as 1s well
known, or transmitted over any other conventional network
connection as 1s well known (e.g., extranet, VPN, LAN, etc.)
using any communication medium and protocols (e.g., TCP/
IP, HT'TP, HTTPS, Ethernet, etc.) as are well known. It will
also be appreciated that computer code for implementing
embodiments can be implemented 1n any programming
language that can be executed on a client system and/or
server or server system such as, for example, C, C++,
HTML, any other markup language, Java™ JavaScript,
ActiveX, any other scripting language, such as VBScript,
and many other programming languages as are well known
may be used. (Java™ 1s a trademark of Sun Microsystems,
Inc.).
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According to one embodiment, each system 716 1s con-
figured to provide webpages, forms, applications, data and
media content to user (client) systems 712 to support the
access by user systems 712 as tenants of system 716. As
such, system 716 provides security mechamsms to keep
cach tenant’s data separate unless the data 1s shared. IT more
than one MTS 1s used, they may be located in close
proximity to one another (e.g., 1n a server farm located 1n a
single building or campus), or they may be distributed at
locations remote from one another (e.g., one or more servers
located 1n city A and one or more servers located 1n city B).
As used herein, each MTS could include one or more
logically and/or physically connected servers distributed
locally or across one or more geographic locations. Addi-
tionally, the term “server” 1s meant to include a computer
system, including processing hardware and process space(s),
and an associated storage system and database application
(e.g., OODBMS or RDBMS) as 1s well known 1n the art. It
should also be understood that “server system™ and “server”
are often used interchangeably herein. Similarly, the data-
base object described herein can be implemented as single
databases, a distributed database, a collection of distributed
databases, a database with redundant online or offline back-
ups or other redundancies, etc., and might include a distrib-
uted database or storage network and associated processing,
intelligence.

FIG. 8 illustrates further details of an environment in
which a pluggable architecture for performance of pricing
operations may be implemented according to some embodi-
ments. FIG. 8 provides further detail regarding elements of
system 716. In addition, various interconnections 1n an
embodiment are provided. FIG. 8 shows that user system
712 may include processor system 712A, memory system
7128, mput system 712C, and output system 712D. FIG. 8
shows network 714 and system 716. FIG. 8 also shows that
system 716 may include tenant data storage 722, tenant data
723, system data storage 724, system data 725, User Inter-
tace (UI) 830, Application Programming Interface (API)
832, PL/SOQL 834, save routines 836, application setup
mechanism 838, applications servers 800,-800,, system
process space 802, tenant process spaces 804, tenant man-
agement process space 810, tenant storage area 812, user
storage 814, and application metadata 816. In other embodi-
ments, environment 710 may not have the same elements as
those listed above and/or may have other elements 1nstead
of, or 1n addition to, those listed above.

User system 712, network 714, system 716, tenant data
storage 722, and system data storage 724 were discussed
above 1n FIG. 7. Regarding user system 712, processor
system 712A may be any combination of one or more
processors. Memory system 712B may be any combination
of one or more memory devices, short term, and/or long-
term memory. Input system 712C may be any combination
of 1nput devices, such as one or more keyboards, mice,
trackballs, scanners, cameras, and/or interfaces to networks.
Output system 712D may be any combination of output
devices, such as one or more monitors, printers, and/or
interfaces to networks. As shown by FIG. 8, system 716 may
include a network interface 720 (of FIG. 7) implemented as
a set of HITP application servers 800, an application
plattorm 718, tenant data storage 722, and system data
storage 724. Also shown 1s system process space 802,
including individual tenant process spaces 804 and a tenant
management process space 810. Each application server 800
may be configured to tenant data storage 722 and the tenant
data 723 therein, and system data storage 724 and the system
data 725 therein to serve requests of user systems 712. The
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tenant data 723 might be divided into individual tenant
storage arcas 812, which can be either a physical arrange-
ment and/or a logical arrangement of data. Within each
tenant storage area 812, user storage 814 and application
metadata 816 might be similarly allocated for each user. For
example, a copy of a user’s most recently used (MRU) 1tems
might be stored to user storage 814. Similarly, a copy of
MRU items for an entire orgamization that 1s a tenant might
be stored to tenant storage area 812. A Ul 830 provides a
user interface and an API 832 provides an application
programmer interface to system 716 resident processes to
users and/or developers at user systems 712. The tenant data
and the system data may be stored in various databases, such
as one or more Oracle™ databases.

Application platform 718 includes an application setup
mechanism 838 that supports application developers’ cre-
ation and management of applications, which may be saved
as metadata into tenant data storage 722 by save routines 836
for execution by subscribers as one or more tenant process
spaces 804 managed by tenant management process 810 for
example. Invocations to such applications may be coded
using PL/SOQL 834 that provides a programming language
style interface extension to API 832. A detailed description
of some PL/SOQL language embodiments 1s discussed 1n
commonly owned U.S. Pat. No. 7,730,478 entitled, “Method
and System for Allowing Access to Developed Applicants
via a Multi-Tenant Database On-Demand Database Ser-
vice”, 1ssued Jun. 1, 2010 to Craig Weissman, which 1s
incorporated 1n 1ts entirety herein for all purposes. Invoca-
tions to applications may be detected by one or more system
processes, which manage retrieving application metadata
816 for the subscriber making the mnvocation and executing
the metadata as an application in a virtual machine.

Each application server 800 may be communicably
coupled to database systems, e.g., having access to system

data 725 and tenant data 723, via a difl

erent network
connection. For example, one application server 800, might
be coupled via the network 714 (e.g., the Internet), another
application server 800, , might be coupled via a direct
network link, and another application server 800,, might be
coupled by yet a different network connection. Transfer
Control Protocol and Internet Protocol (TCP/IP) are typical
protocols for communicating between application servers
800 and the database system. However, it will be apparent to
one skilled 1n the art that other transport protocols may be
used to optimize the system depending on the network
interconnect used.

In certain embodiments, each application server 800 1s
configured to handle requests for any user associated with
any organization that i1s a tenant. Because 1t 1s desirable to be
able to add and remove application servers from the server
pool at any time for any reason, there 1s preferably no server
aflinity for a user and/or organization to a specific applica-
tion server 800. In one embodiment, therefore, an interface
system 1implementing a load balancing function (e.g., an F3
BIG-IP load balancer) 1s communicably coupled between
the application servers 800 and the user systems 712 to
distribute requests to the application servers 800. In one
embodiment, the load balancer uses a least connections
algorithm to route user requests to the application servers
800. Other examples of load balancing algorithms, such as
round robin and observed response time, also can be used.
For example, 1n certain embodiments, three consecutive
requests from the same user could hit three diflerent appli-
cation servers 800, and three requests from different users
could hit the same application server 800. In this manner,
system 716 1s multi-tenant, wherein system 716 handles
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storage of, and access to, diflerent objects, data and appli-
cations across disparate users and organizations.

As an example of storage, one tenant might be a company
that employs a sales force where each salesperson uses
system 716 to manage their sales process. Thus, a user might
maintain contact data, leads data, customer follow-up data,
performance data, goals and progress data, etc., all appli-
cable to that user’s personal sales process (e.g., 1n tenant
data storage 722). In an example of an MTS arrangement,
since all of the data and the applications to access, view,
modily, report, transmit, calculate, etc., can be maintained
and accessed by a user system having nothing more than

l

network access, the user can manage his or her sales efforts
and cycles from any of many different user systems. For
example, 11 a salesperson 1s visiting a customer and the
customer has Internet access in their lobby, the salesperson
can obtain critical updates as to that customer while waiting
for the customer to arrive in the lobby.

While each user’s data might be separate from other
users’ data regardless of the employers of each user, some
data might be organization-wide data shared or accessible by
a plurality of users or all of the users for a given organization
that 1s a tenant. Thus, there might be some data structures
managed by system 716 that are allocated at the tenant level
while other data structures might be managed at the user
level. Because an MTS might support multiple tenants
including possible competitors, the MTS should have secu-
rity protocols that keep data, applications, and application
use separate. Also, because many tenants may opt for access
to an MTS rather than maintain their own system, redun-
dancy, up-time, and backup are additional functions that
may be implemented 1n the MTS. In addition to user-specific
data and tenant specific data, system 716 might also main-
tain system level data usable by multiple tenants or other
data. Such system level data might include industry reports,
news, postings, and the like that are sharable among tenants.

In certain embodiments, user systems 712 (which may be
client systems) communicate with application servers 800 to
request and update system-level and tenant-level data from
system 716 that may require sending one or more queries to
tenant data storage 722 and/or system data storage 724.
System 716 (e.g., an application server 800 1n system 716)
automatically generates one or more SQL statements (e.g.,
one or more SQL queries) that are designed to access the
desired information. System data storage 724 may generate
query plans to access the requested data from the database.

Each database can generally be viewed as a collection of
objects, such as a set of logical tables, containing data fitted
into predefined categories. A “table” 1s one representation of
a data object and may be used herein to simplily the
conceptual description of objects and custom objects. It
should be understood that “table” and “object” may be used
interchangeably herein. Each table generally contains one or
more data categories logically arranged as columns or fields
in a viewable schema. Each row or record of a table contains
an istance of data for each category defined by the fields.
For example, a CRM database may include a table that
describes a customer with fields for basic contact informa-
tion such as name, address, phone number, fax number, etc.
Another table might describe a purchase order, including
fields for information such as customer, product, sale price,
date, etc. In some multi-tenant database systems, standard
entity tables might be provided for use by all tenants. For
CRM database applications, such standard entities might
include tables for Account, Contact, Lead, and Opportunity
data, each containing pre-defined fields. It should be under-
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stood that the word “entity” may also be used interchange-
ably herein with “object” and “table™.

In some multi-tenant database systems, tenants may be
allowed to create and store custom objects, or they may be
allowed to customize standard entities or objects, for
example by creating custom fields for standard objects,

including custom index fields. U.S. patent application Ser.
No. 10/817,161, filed Apr. 2, 2004, with U.S. Pat. No.

7,779,039, entitled “Custom Entities and Fields 1n a Multi-

Tenant Database System™, and which 1s hereby incorporated
herein by reference, teaches systems and methods for cre-
ating custom objects as well as customizing standard objects
in a multi-tenant database system. In certain embodiments,
for example, all custom entity data rows are stored 1n a
single multi-tenant physical table, which may contain mul-
tiple logical tables per organization. It 1s transparent to
customers that their multiple “tables™ are in fact stored 1n
one large table or that their data may be stored in the same
table as the data of other customers.

Embodiments may be provided, for example, as a com-
puter program product which may include one or more
machine-readable media (including a non-transitory
machine-readable or computer-readable storage medium)
having stored thereon machine-executable instructions that,
when executed by one or more machines such as a computer,
network of computers, or other electronic devices, may
result 1n the one or more machines carrying out operations
in accordance with embodiments described herein. A
machine-readable medium may include, but 1s not limited to,
floppy diskettes, optical disks, CD-ROMs (Compact Disc-
Read Only Memories), and magneto-optical disks, ROMs,
RAMs, EPROMs (Erasable Programmable Read Only
Memories), EEPROMs (Flectrically Frasable Program-
mable Read Only Memories), magnetic tape, magnetic or
optical cards, flash memory, or other type of media/machine-
readable medium suitable for storing machine-executable
instructions.

Moreover, embodiments may be downloaded as a com-
puter program product, wherein the program may be trans-
terred from a remote computer (e.g., a server) to a requesting
computer (e.g., a client) by way of one or more data signals
embodied 1n and/or modulated by a carrier wave or other
propagation medium via a communication link (e.g., a
modem and/or network connection).

It 1s to be noted that terms like “node”, “computing node”,
“server”, “server device”, “cloud computer”, “cloud server”,
“cloud server computer”, “machine”, “host machine”,
“device”, “computing device”, “computer”’, “computing
system”, and the like, may be used interchangeably through-
out this document. It 1s to be further noted that terms like
“application”, “software application”, “program”, “software
program”, “package”, “software package”, and the like, may
be used interchangeably throughout this document. Also,
terms like “job™, “input”, “request”, “message”, and the like,
may be used interchangeably throughout this document.

Reference 1n the specification to “one embodiment™ or
“an embodiment” means that a particular feature, structure,
or characteristic described in connection with the embodi-
ment 1s included 1n at least one embodiment. The appear-
ances of the phrase “in one embodiment” in various places
in the specification are not necessarily all referring to the
same embodiment.

While concepts been described in terms of several
embodiments, those skilled 1n the art will recognize that
embodiments not limited to the embodiments described but

can be practiced with modification and alteration within the
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spirit and scope of the appended claims. The description 1s
thus to be regarded as illustrative instead of limiting.

What 1s claimed 1s:

1. One or more non-transitory computer-readable storage
mediums having stored thereon executable computer pro-
gram 1nstructions that, when executed by one or more
processors, cause the one or more processors to perform
operations comprising;:

implementing a pricing service, at a server, as a pluggable

architecture, the pluggable architecture excluding, and
having no knowledge regarding, pricing constructs that
define various pricing algorithms;
installing a plurality of pricing methods as plugins into the
pluggable architecture of the pricing service, each
pricing method of the plurality of pricing method
including a set of pricing functions, wherein the pricing
methods are installed such that clients can modify or
customize individual pricing methods in the plurality of
pricing methods without requiring modification of the
pluggable architecture;
receiving at the pricing service a pricing request from a
first client for a sales transaction including one or more
sales 1tems, the pricing request including a pricing
context for each of the one or more sales items; and

performing a price calculation for the sales transaction,
including:

resolving a pricing method for each sales item of the one

or more sales items from the plurality of pricing
methods,

applying the set of pricing functions for the resolved

pricing method for each sales 1tem, wherein application
of the set of pricing functions 1s based at least 1n part
on the pricing context for the sales 1tem,

calculating a price for each sales item based upon an

outcome of the set of pricing functions, and
aggregating the calculated prices for each of the one or
more sales 1tems.

2. The one or more storage mediums of claim 1, wherein
the plurality of pricing methods includes:

one or more standard pricing methods for use by multiple

clients; and

one or more custom pricing methods for the first client.

3. The one or more storage mediums of claim 2, wherein
cach pricing function of a set of pricing functions of a
pricing method defines a single process within the pricing
method.

4. The one or more storage mediums of claim 3, wherein
cach pricing function 1s defined 1n code.

5. The one or more storage mediums of claim 4, wherein
the pricing functions of the one or more standard pricing
methods are coded 1n a first format and the pricing functions
of the one or more custom pricing functions are coded 1n a
second format.

6. The one or more storage mediums of claim 2, wherein
the one or more custom pricing methods include one or more
custom pricing functions.

7. The one or more storage mediums of claim 1, wherein
the pricing service 1s a portion of a platform, the platform
including an application programming interface (API) to
receive pricing requests.

8. The one or more storage mediums of claim 1, wherein
the mnstructions further include 1nstructions for reporting the
aggregated pricing to the first client.

9. A system comprising:

a processor; and

memory, the memory storing instructions to cause the

processor to execute a method, the method comprising:
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implementing a pricing service, at a server, as a plug-
gable architecture, the pluggable architecture
excluding, and having no knowledge regarding, pric-
ing constructs that define various pricing algorithms;
installing a plurality of pricing methods as plugins into
the pluggable architecture of the pricing service,
cach pricing method of the plurality of pricing
method including a set of pricing functions, wherein
the pricing methods are installed such that clients can
modily or customize individual pricing methods 1n
the plurality of pricing methods without requiring
modification of the pluggable architecture;
receiving at the pricing service a pricing request from
a first client for a sales transaction including one or
more sales items, the pricing request including a
pricing context for each of the one or more sales
items; and
performing a price calculation for the sales transaction,
including;:
resolving a pricing method for each sales 1tem of the
one or more sales items from the plurality of
pricing methods,
applying the set of pricing functions for the resolved
pricing method for each sales 1tem, wherein appli-
cation of the set of pricing functions 1s based at
least 1 part on the pricing context for the sales
item,
calculating a price for each sales 1item based upon an
outcome of the set of pricing functions, and
aggregating the calculated prices for each of the one
or more sales items.

10. The system of claim 9, wherein the plurality of pricing
methods 1ncludes:

one or more standard pricing methods for use by multiple

clients; and

one or more custom pricing methods for the first client.

11. The system of claim 10, wherein each pricing function
of a set of pricing functions of a pricing method defines a
single process within the pricing method.

12. The system of claim 10, wherein the one or more
custom pricing methods include one or more custom pricing
functions.

13. The system of claim 9, wherein the pricing service
does not have knowledge of pricing algorithms for the
plurality of pricing methods.

14. A method comprising:

implementing a pricing service, at a server, as a pluggable

architecture, the pluggable architecture excluding, and
having no knowledge regarding, pricing constructs that
define various pricing algorithms;
installing a plurality of pricing methods as plugins into the
pluggable architecture of the pricing service, each
pricing method of the plurality of pricing method
including a set of pricing functions, wherein the pricing
methods are installed such that clients can modity or
customize 1individual pricing methods 1n the plurality of
pricing methods without requiring modification of the
pluggable architecture;
recerving at the pricing service a pricing request from a
first client for a sales transaction including one or more
sales 1tems, the pricing request including a pricing
context for each of the one or more sales 1tems; and

performing a price calculation for the sales transaction,
including:

resolving a pricing method for each sales item of the one

or more sales items from the plurality of pricing
methods,
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applying the set of pricing functions for the resolved
pricing method for each sales 1tem, wherein application
of the set of pricing functions 1s based at least 1 part
on the pricing context for the sales i1tem,

calculating a price for each sales item based upon an

outcome of the set of pricing functions, and
aggregating the calculated prices for each of the one or
more sales 1tems.

15. The method of claim 14, wherein the plurality of
pricing methods mcludes:

one or more standard pricing methods for use by multiple

clients; and

one or more custom pricing methods for the first client.

16. The method of claim 15, wherein each pricing func-
tion of a set of pricing functions of a pricing method defines
a single process within the pricing method.

17. The method of claim 15, wherein the one or more
custom pricing methods include one or more custom pricing
functions.

18. The method of claim 14, wherein the pricing service
1s a portion of a platform, the platform including an appli-
cation programming interface (API) to receive pricing
requests.

19. The method of claim 14, further comprising reporting
the aggregated pricing to the first client.
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